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RESEARCH MEMORANDUM

PRELIMINARY STUDY OF AIRPLANE CONFIGURATIONS HAVING
TATI. SURFACES OUTBOARD OF THE WING TIPS
By Willism C. Sleemsn, Jr.

SUMMARY

This report is concerned primarily with the concepts and applications
underlying the basic arrangement of airplane configurations having tail
surfaces oubtboerd of the wing tips. This type of arrangement was con-
ceived to be consistent with good supersonic performance cheracteristies
and, also, to avold some of the stability and trim-drag problems encoun-
tered on other supersonic configurations. The arrangements considered
both experimentally and anslytically in the present study had outboard
horizontal tails and twin vertical tails mounted on slender bodies attached
to the tips of a low-aspect-retio swept wing.

Experimental results indicsted that location of the horizontal-tail
surfaces in the upwash field of the wing-tip vortices would be expected
to be favorable from the standpoint of drag due to lift and trimmed 1ift-~
drag ratios abt subsonic and supersonic speeds. Indications are that oub-
board tzil configurations would also be expected to have satisfactory
directionsl stability characteristics at both subsonic and supersonic
speeds. Pitching-moment curves for an oubboard tall model showed grad-
ually increasing stability with 1ift up to a 1lift coefficient of spproxi-
mately 1.0 at a Mach number of 0.60, sbove which a pitch-up tendency was
indicated. These and other date indicate e possible longitudinal sta-
bility problem for outboard tail configuretions, which is believed to be
associated with instability caused by loss of upwash when the wing-tip
vortex becomes displaced at high angles of attack.

An analytical study at Mach number 3.0 of effects of design variables
has indicated that values of trimmed maximum lift-drag ratios were rela-
tively insensitive to the amount of stability for static margins between
0 end 10 percent mean serodynamic chord and the trends indicated In these
estimates were verified experimentelliy at M = 2.0l. Introduction of a
smell amount of pitching moment at zero 1lift may be used to compensste for
losses in lift-drasg ratio occurring as & result of somewhat higher sta-
bility. This analysis also indicated a gradual increase in trimmed maxi-
mun lift-drag ratio with both tail length and tail size; however, increases
with tail length were generale quite small for lengths in excess of about
one wing mean chord. i

HINCLAS FTs
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INTRODUCTION

Froblems of maintaining adequate longitudinal and lstersl stabllity
and control over the range of angles of attack and sideslip and Mach
number expected for current and projected airplane configurations are
becoming increasingly severe as a result of certain design trends for
high-speed eirplanes. The relatively large high-fineness-ratio fuselages
and relatively small thin wings have given rise to .stability problems
assoclated with large effects on tail surfaces of vortices emanating
from both the long fuselage nose and from the tips of low-aspect-ratio
wings. In addition to problems of avoiliding regions of adverse flow for
location of stabilizing surfaces, problems of airplsne balance are
becoming more acute with the design trend toward more rearward engine
placerent and accompanying rearward center-~of-gravity position. With
the weight far rearward, the wing must be placed fear back and the tail
length then becomes short. In fact, when a large airplane requiring
perhaps four or six engines is considered, the condition is reached for
which there is little point in attempting to install & horizontal tail
behind the wing. In addition to the stability problems of conventional
airplane configurstions, performance penalties often result from the
negative tail 1lift increments at supersonic speeds and assoclated high
drag in trimmed fligitt. A more efficient configuration for supersonic
cruise would, on the other hand, have the various components placed so
that bad interference effects between components would be gsvolded and
the trimming surfaces placed to provide favorsgble 1ift increments for
trim. Also, arrangement of the airplane components would be such that
all possible favorable interference effects could be exploited. The
more obvious possible solutions to problems of balance and excessive
supersonic stability would be to ebandon the resrward horizontal tail
and select a tailless configuration or to adopt a canard arrangement.
These possibilities, particularly with respect to canard configurations,
are discussed in references 1 and 2. Both the tailless and canard con-
figurations msy be subject to problems of obtaining adequate vertical-
tail moment arm and of maintaining sufficient longitudinal control at
high 1lift.

The present report presents some of the concepts and some supporting
experimental evidence relstive to airplane configurations having the
horizontal stabilizing surfaces outboard and rearward of the wing tips.
The configurations studied both experimentally and analytically had
horizontal tails and twin vertical tails mounted on bodies attached to
the tips of a low-aspect-ratio swept wing. This type of arrangement
would not be expected to have a large drag penalty due to trimming at
supersonic speeds as has been found for some other configurations. The
location of the horizontal tail in en outboard position would be expected
to be favorable from the standpoint of drag due to 1lift inasmuch as the
tail, operating in the upwash from the wing-tip vortex, would recover
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part of the vortex energy as positive 1ift provided an uploasd on the
tail is required for trimmed flight.

Interest in outboard tail configurations from stability considera-
tions arises from past experience with a wide range of conventional and
some unusual airplane arrangements. Results of many studies directed
toward elimination of pitch-up at moderate and high angles of attack
have indicated in general where horizontal teils may be favorably located
behind certain wing plan forms. Other studies, however, (for example,
see ref. 3) have not been as fruitful in defining placement and shape of
the vertical tail to maintain adequate directional stability over a sub-
stantial angle-of-attack range. Past experience from the standpoint of
directional stability therefore may be summsrized with the observation
that finding a favorable location and configuration for tail surfaces
behind a wing on & large body can be extremely difficult. The results
of reference 4 have shown, however, that significant directional sta-
bility benefits could be obtained by going to a three-body errangement
in which the volume of a large central body was distributed into a
smeller forward central body and two rearward bodies placed outboard on
the wing. These results and other results to be discussed later led to
the present ocutboard tail concept which pleces the tall surfaces away
from regions of large dynamic-pressure losses due to wing wake effects
and away from extensive body vortices.

An snalytical study has been made to investigate the effects of
several basic geometric and aerodynamic parameters on the lift-drag
ratios of a generalized arrangement having outboard tails. The assumed
aerodynamic characteristics were selected to represent a flight Mach
number of approximately 3.0.

SYMBOLS

Lateral stability results of this investigation are referred to the
body axes which are shown in Tigure 1 together with en indicsbtion of
positive directions of forces, moments, and anguler deflections of the
model. The 1ift and drag characteristics presented are, respectively,
normal and perallel to the relative wind as shown in the side view in
figure 1.

Cy, 1ift coefficient, Iift
asS

Cp drag coefficient, DE%E
a
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drag due to 1lift

pitching-moment coefficient, Pitching moment

qSc

pitching-moment coefficient at zero 1lift

Rolling moment
qSb

rolling-moment coefficient,

Yawing moment

yewing-moment coefficient,
qSb

Latersl force
gs

lateral-force coefficient,

lift-drag ratio, Cr[Cp
dynsmic pressure, 1b/sq ft

wing aspect ratio, %;

Mach number
wing area (including area inside fuselage), sq Tt

horizontal-tail ares (total of both outboard panels), sg £t
vertical-tail area (total of both tails), sq ft

wing span

wing mean aerodynamic chord, ft

tail length from moment reference, ft

distance from wing-body aerodynamic center to airplane center
of gravity, £t

spanwise distance from plane of symmetry in terms of wing
semispan
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Cy.v vertical-tail volume coefficient, —Yo¥ _
’ (8b) o3
(o ) angle of attack of fuselage center line, deg
B angle of sideslip, deg
€ downwash angle (with negative sign, upwash), deg
ig incidence of horizontal tail, deg
Subscripts:
<] partial derivative of a coefficient with respect to sideslip;
for example, CnB = EEE
t horizontal tail
v vertical tail
L left
R right

Configuration designation:

W wing

F Tuselege

N outer bodies

v twin verticsl tails

Hb horizontal tails at 0.25° setting
Hip horizontal tails at -1L4.69° setting
B ventral fins
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DISCUSSION

Some of the problems which confront the designers of high-speed
aircraft have been discussed in the introduction of this report with
regard to different types of airplane configuratlons. The magnitude
of the difficulties expected for some of these configurations has stimu-
lated interest in other arrangements and the outboard tail configuration
is a possible design which mey avoid some of the major problems of other
alrplane arrangements. The discussion of outboard tail configurabions
is concerned primarily with the salient concepts basic to this airplane
arrangerient and only a brief reference is made to experimental results
from several different studies of configurations having wings of low
espect ratio and swept or modified delte plan forms.

Stability and Control Characteristics

Longitudinal.- Problems of longitudinal instability at high lift
for conventional center-tail airplane configurations have been studiled
extensively in experiments at low and high speeds and some solutions
for these problems have been indicated. Large increases in longitudinsal
stability have been foumnd to occur on conventional airplane arrangements
in going from subsonic to supersonic speeds and one of the large contri-
butions to this stability increase has come from the horizonbtal-tail
surfeces. This excessive stability at supersonic speeds can give rise
to high drag due to trimming and limit the longitudinal controllability
for a given control deflection. A number of solutions for problems of
aerodynamic-center shifts with Mach number have been devised, such as
control of the center-of-gravity location and variable airplane geometry.
The nature of these possible solutions attests the importance of this
problerm and it is desirable to assess outboard tail configurations from
the standpoint of transonic aerodynamic-center shift,

Experimental results have been cobtained at subsonic speeds in the
Langley high-speed T- by 1l0-foot tunnel on the same outboard tail model
that was tested at M = 2.0l in the Langley L- by L-foot supersonic
vressure tunnel (ref. 5). Some pitching-moment results obtained in
these studies are presented in figure 2. These results show that for

s

this configuration there was an increase in SEE for the complete model
CL

from ~0.09 (for lift coefficients between 0.13 to 0.35) at M = 0.90 to
~0.18 at M = 2.01. The stability increase with Mach number is some-
what lerger than that for some tailless or canard designs (ref. 1);
however, this incresase of stability is much less than encountered on
mwany conventional center-tail configurations (ref. 1). Effects of the
level of stability at supersonic speeds on trimmed lift~drag ratios are

discussed later.
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The errangement of an outboard tail configuration appears to be
compatible with the use of wing trailing-edge 1ift fleps for landing
and take-off. This type of airplane would have a resrward location of
the center of gravity (perhsps 50 to TO percent of the wing mean aero-
dynemic chord) and, therefore, the diving moments normally created by
deflection of the high-1ift fleps would be less than for & conventional
or canard configuration because the flap load would be located closer to
the center of gravity.

The outboard location of the horizontal tail would be expected to
be favorable from the standpoint of control effectiveness and stebility
&t both subsonic and supersonic speeds inasmuch as the tail would not
be located in regions of high losses in dynamic pressure from wing or
body wakes. Some experimental results obtained at & Mach number of 0.60
for an outboard tail arrangement having a h5° swept wing of aspect ratio
1.55 are presented in figure 3 to show pitching-moment characteristics
of an outboeard tail model with two stabilizer settings at subsonic
speeds. This configuration was derived from the aspect-ratio-3 modified
delta-wing model of reference 6. The pitching-moment curves of figure 3
show gradually increasing stability with 1ift coefficient up to a lift
coefficient of unity, above which an abrupt unstable tendency is indi-
cated. This high-1lift instability is caused by both an unstable break
in the tail-off characteristics and by a decrease in the tail contribu-
tion. This decreese in tail contribution is believed to have resulted
from & loss of upwash over the tail at high angle of attack.

Effective upwash angles for the configuration shown in figure 3
were obtained from tail-on and tail-off dats and are presented in fig-
ure 4 for several high subsonic Mach numbers. These results show a
linear veriation of upwash with angle of attack at low and moderate
angles of attack which suggests that perhaps the wing-tip vortex remained
at approximetely the sesme position in relation to the taeil at low angles
of attack (up to about 10° for M = 0.60 and 0.80). A reversel in the
slope of the curve for M = 0.60 occurred near 20° angle of attack
which would have & destabilizing effect on the tail contribution even
though the tail was in an ‘'upflow. This loss in tail conbribution might
be expected at high angles to result from an upward and inward movement
of the tip-vortex center. This possible loss of upwash at high angles
of attack would be undesirsasble on an sirpiane unless it was counteracted
by & stebilizing shift in tail-off aserodynemic center. It appears that
more research is needed to find means for alleviating this possible
longitudinal stability problem for outboard tail configurations.

Directional stability.- Location of the vertical-tail surfsces in
an outboard position might be expected to have certain directional sta-
bility advantages over a conventional centrally mounted surface. As
mentioned previously, the results of reference L have shown that gains
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in directional stability at high angles of attack could be obtained
with a three-body arrangement with the two rearward bodies placed out-
board on the wing. The results of reference 7 have shown also that
removal of the afterbody of highly swept wing-body configurations had

a favorable effect on the directional stability at high angles of attack.
Some experimental directional stability characteristics sre suwmarized
in figure 5(a) for both tail-on and tail-off. In order to compare these
results with the original wing-body configuration (ref. 6) from which
the outboard tail model was derived, the coefficlents for all the con-
figuraetions are hased on the geometry of the aspect-ratio-3 modified
delta wing. The tail-off results for the 45° swept wing (fig. 5(a))
show significant directional stgbility gain at high angles compared with
the results for a conventional aspect-ratio-3 wing-body configuration.

The tail-on results of figure 5(a) show a high level of directional
stability for the outboard tail model with a decrease in C, 6 occurring

at high engles of attack. These results are not directly compargble with
these for the conventional model inasmuch as ventral fins were installed
on the outboard tail model. Some results are presented in figure 5(b),
however, for a similar outboard tail model having 65° sweep of the wing
leading edge which show directional stability characteristics with and
without the ventral fins. These results (fig. 5(b)) show the trends
with tail volume at low angles of attack that would be expected from

the tail-volume coefficients given; however, at high angles of attack
the outboard teil model which had less taill volume had more directional
stability than the conventional model. Test results presented in refer-
ence 5 and unpublished data for & configuration similexr to that shown

in figure 9 have indicated satisfactory directional stability cheracter-
istics at supersonic speeds for two outboard tail configurations.

Lateral control.- The oubtboard location of the horizontal surfaces
provides a relatively long moment arm for producing rolling moments by
differential deflection of these surfaces and it would be desirable to
consider this control aspect of outboard tall srrangements. Some results
are presented in figure 6 for Mach number 0.60 to illustrate the lateral
characteristics to be expected with the horizontal surfaces deflected
differentially as roll producers. The nominal stebilizer settings of
0° and -14° would represent approximately 70 of differentlial deflection
from a basic trim setting of -7° at a low angle of attack, and the -140
and -25° stabilizer settings would epply to a basic longitudinal trim
condition at a higher angle of attack. Rolling-moment results obtained
with the 0° and -14° stabilizer settings show a fairly constant effec-
tiveness uwp to about 10° angle of attack, gbove which stalling of the
tail with O° stabilizer setting causes the effectiveness to decrease
rapidly. Effects of negative tail stall on the tail with the -25° setting
are evident at low angles of attack for the -14° and -25° stabilizer
settings. At high angles of attack, for the -latter combination, only
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about & 25-percent reduction in rolling power from the low-angle-of-
attack rolling power was indicated. Another esspect of interest shown
in figure 6 is the comparstively small values of the ratio of yawing
moment to rolling moment cobtained over the angle-of-attack range when
compared with the tail roll control results of reference 8. The fact
that the yawing moment changes sign at high angles of attack (fig. 6)
may be ags undesirable as high yawing moments induced at low angles of
attack; however, with the stabilizer settings for trim (-14° and -25°)
at high angle of attack the reversal would be much less objectionsble
than that shown for the lower settings.

Lift and Drag Characteristics

One of the main reasons for considering airplane configurations
having outboard tails is the possibility that very small penalties or
even favorable increments in L/D due to trimming may be obtained at
supersonic speeds. The outboard location of the horizontal tail would
be expected to be favorable from the standpoint of drag due to lift inas-
much as the teil operates in the upwash from the wing-tip vortex and
would recover part of the vortex energy as positive lift. This effect
may be considered as an increase in effective aspect ratio of the basic
wing obtained by adding an undeflected outboard tail. Some experimental
data illustrating this effect are shown in figure 7 for the L45° swept-
wing outbosrd tail model. These results sre compared with the basic
aspect-ratio-3 conventional model of reference 6 and the coefficients
are based on the geometry of the conventional model. These resulis
show thet the outboard tail model had the same lift-curve slope at low
angles of attack as the basic aspect-ratio-3 model, and at high angles
of attack the outboard tail model had higher values of 1ift at a given
angle than the aspect-ratio-3 model. The wing and tail of the 459 swept-
wing outboard tail model were derived from the parent aspect-ratio-3
model by effectively cutting off the tips of the wing and branslating
them rearward on the outer bodies to form the tail surfaces; this
gives the same theoretical total plan-form area. It would, therefore,
gppeer that the surface area was more effectively placed in the rear-~
ward position where it could contribute stability and controllability
rather then acting as a wing tip.

The dresg results presented in figure T show that & reduction in
drag due to 1lift accompanied addition of the outboard tails; however,
the drag due to 1ift of the outboard tail model was somewhet higher
then the basic aspect-ratio-3 model up to moderately high 1ift coeffi-
cients. \ further reduction in drag due to lift for the outboard tail
arrangement nmight be expected to accompany negative deflection of the
horizontal tail. An explanstion of the possible beneficial effect of
negetive incidence on drag may be obtalned from the following sketch:

= ~.
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77\\\\‘ Wing

[+ 2
[ _—_»_ _ i.t __—_ Tail
v \ / \\
€
vlocal

In this sketch, the wing is operating at an angle of attack «
and the tail angle of attack in the upwash field of the wing tip is
& - € + iy. The tail must, of course, carry a positive 1ift for trim
in order to have a beneficial effect on the lift-drag ratio, and the
resultant force on the tail would be inclined forward for positive tail
1lift at a negative stabilizer setting (assuming that the resultant force
was normal to the tail chord plane). This forward inclination of the
resultant force on the tall has a forward component in the streamwise
direction corresponding to a negative drag increment. This concept may
also be extended to drag reduction by means of proper orientation of
the twin vertical tails in the sidewash field from the wing-tip vortices.
For this application a small amount of "toe out” of the vertical tails
might be beneficial; however, use of such & scheme for drag reduction
would have to be a carefully tailored arrangement, possibly designed
only for a cruise conditionm.

Experimental results of reference 5 obtained a2t a Mach number of
2.01 show the expected reduction in drag due To 1lift with negative inci-
dence on the oubtboard tails. The drag polars and corresponding lift-
drag ratios from reference 5 are repeated in figure 8 of the present
report. These results show significent reductions in drag due to 1lift
in going from zero to negative tail settings; however, the corresponding
incregse in minimur drag had a compensating effect on lift-drag ratios.
The lift-drag ratios presented in figure 8 show a relatively small
decresse in (L/D)max for negative increments in stabilizer settings
from 0° to -7.4°. These results indicate that the meximum lift-dreg
ratios for the trinmed conditions for the outboard tail configurations
may be relatively insensitive to control deflection for moderate nega-
tive values of defiection. This would imply as indicated in reference 5
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that the maximum trimmed lift-drsg ratios for the outbosrd tail configu-
ration would be relatively insensitive to the amount of stability for
low and moderate values of static mergin.

Anslytical Study of Effects of Some Design Variables

The general arrangement of outboard tail configurations is so 4if-
ferent from current conventional airplane arrangements that past experi-
ence cannot be utilized with confidence to define the most advantageous
proporvions and arrangement of the various individuel components from
the stendpoint of performence. For this reason it is desirable to deter-
mine some overall trends from approximate calculations of the expected
veriation of maximum lift-drag ratio with certein basic geometric and
aerodynamic parameters. A few estimates have been made which show effects
on trimmed (L/D)pex of relative size of the wing esnd outbosrd tails,
effects of changes in static margin, and effects of the flow field in
which the tails operate. The various aerodynamic perameters chosen for
the estimates were selected to represent values which might be spplicable
to a flight Mach number of 3.0. Inasmuch &s these estimates were intended
to establish trends with certain basic geometric variables, the magnitude
of the estimated values is not as significant as the trends shown. The
characteristics indicated for some of the oubtboard tail arrangements are
not necessarily unique to the outboard tsil configurabtion, and other
arrangements, such as a highly swept all-wing design, may provide similar
characteristics through careful design. Details of the procedures and
equations used in the estimates are given in the appendix. An outboard
tail configuration is shown in figure 9 to illustrate the type of arrange-
ment considered in the estimates.

Effect of flow field.- The variation of upwash outboard of the wing
tip as determined by the theoretical relationships of reference 9 at
M = 3.0 1is presented in figure 10. This figure shows the expected high
values of upwash near the wing tip and the rapid diminishment of upwash
swvey from the tip. It is readily sppsrent that a short-span tail ouk-
boerd of the wing tip would be in a large upwash Tield and a large-span
horizontal tail would be in a much smaller overell upwash field. Fig-
ure 11 has been prepared to illustrate effects of flow field on Ltrimmed
(L/D) pox Vvelues for airplane configurations having & tail length of

one wing mean aerodynamic chord and ratios of tall area to wing area of

10 and 20 percent. The different values of gi shown might correspond

to tails of various spans or to different positions of the tail behind

the wing. For example, positive wvalues of %i correspond to conven-

tional center tails and negative values correspond to tails outboard of
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the wing tip. The overall trend of increasing values of (L/D)max as

Se becomes more negative is to be expected, and the reduction in trimmed

(L/D) pax Wwith increased stability for the conditions of conventional

configurations {positive values of %5 is also well known. These esti-

mates also indicate the trends observed in the experimental results of
reference 5 with regard to effects of stability in that at negative
values of %ﬁ trimmed (L/D)_,, values are relatively insensitive to
the amount of stability for static margins between O and 10 percent GC.
This observation should apply to the outboard tail configurations being

considered inasmuch as values of g& from -0.40 to -0.60 averaged over

the tail span have been calculated. The trends of (L/D)pgayx with
changes in stability indicated in these estimates were substantiated
experimentally at M = 2.01 1in the results of reference 5. Because of
the low sensitivity to the amount of stability, relatively high super-
sonic stability probably could be tolerated from considerations of
trimmed (L/D)ysx- Thus, the problems introduced by the stability change,

in going from subsonic to supersonic speeds may be less serious than for
some other designs.

Effect of horizontal-tail size.- One of the most important variables
to consider in achleving an efficient outboard tail arresngement is the
relative size of the wing and horizontal tail surfaces. This relation-
ship has a direct effect on the stability and controllebllity of a given
wing-body arrangement and upon the permissible center-of-gravity loca-
tions for given stability levels. The tacit assumption made in the
estimates for the outboard tail configurations is that for the cruise
condition an upload is carried on the tall surfeces when the saircraft
is in longitudinal trim. The tail surfaces then are contributing to
the airplsne lift and may be considered a part of the total lifting
surface area. For this reason, the total area of the wing plus tail
was held constant for the present calculations as the ratio of tail
area to wing area was varied. The plan forms of dpoth the wing and tail
remained the same when the area ratio varied; however, the effective
upwash over the tail was determined from the curve of upwash presented
in figure 10 for each size tail. The values of effective upwash used
were -0.627, ~0.479, and -0.401 for ratios of tail area to wing area of
0.1, 0.2, and 0.3, respectively. Estimated effects of the ratio of
tail area to wing ares on maxirmum L/D presented in figure 12 show a
general increase in trimmed (L/D)ps, Wwith increasing tail size. As

shown previously, there is little effect of stability withlin a certain
range of stability values. A significant loss in (L/D)pax was
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indicated at low velues of the ratio of tail area to wing area for an
increase In static mergin from -0.10 to -0.20; however, this loss was
greatly diminished for higher values of tail-esres—wing-aresa ratio.

Effect of tail length.- The estimstes of effects of tall size were
extended to sssess the Influence of tail length for two values of tail-
ares—wing-aresa ratlio. Results from these estimates presented in fig-
ure 13 show that an overall increase in trirmed (L/g)max occurred

Cm

with increasing tail length for negative values of o The results
L

g
show also that, for values of SSE between 0 and -0.10, little gain in

(L/D) max Would be expected from increases in tail length sbove 1/& = 1.0
for the srrangements being considered.

The estimates that have been considered have indicated rather large
changes in configuration proportions for given constant values of sta-
bility. These constant values of stability were achieved in the esti-
metes by changing the distance between the wing-body aerodynamic center
and the reference center of gravity the required amount for the tail
contribution of each configuration. This type of adjustment is useful
in assessing overall effects in computations; however, not a&ll of the
combinations giving a constant value of stebility may be reallstic for
practical aspplication to an airplane. Figure 1lh presents the variation
of the distance between the tail-off aerodynamic center and center of
grevity with both telil-area—wing-area ratio and tail length for the
three values of stability used in the estimetes. The relationships
presented in figure 1lh show large variations in x'/E for the conditions
covered in the estimates. Fairly large positive values of x‘/E might
be expected to eccompany configurations with resrward placed engine
installations; however, large positive values of x'/E would aggrevate
the problem of attaining sufficient moment arm for the vertiecal tail.
Very smell positive or negetive values of x'/& would be favoreble from
the standpoint of vertical-tail moment arm; however, a forward center-
of-gravity location would probably not be favorably located from con-
sideration of pitching moments resulting from deflection of trailing-
edge lift fleps. These two factors are, of course, cobvious examples of
many factors that enter into determination of an overall configuration,
but they illustrate possible limitations that could require selection
of a configuration somewhat less desirgble than indicated as optimum.

Effect of initial pitching moment.- The tail load required for trim
is a function of the tail-off pitching moment, which ususlly varies with
angle of attack, and any additional initial pitching moment existing at
zero lift. The estimebted results discussed so far have not included the

latter effect which is considered invariant with sngle of attack. Some
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additional estimates have been made to illustrate the possible effects
on trimmed (L/D)p.y of using values of Cm, other than zero and the

results of these estirates are presented in figure 15. The assumption
was made for these calculations that the various values of Cmy Were

achievable with no change in Cp or C;. These estimates show that
for a given amount of stability there is a value of Cmo which gives

a peak value of trimmed (L/D)ygyx. Furthermore, it appears that the
peak values of (L/D)pgx &re the same for each amount of stability
investigated; this suggests that there are many combinations of Cmo

and stability which would be expected to give the same maximum value
of trirmed (L/D)pgx for a particular outboard teil configuration.

aoC
This characteristlic of combinations of Cmo and SEE may be utilized
L
to approach more closely an optimum arrangement which might otherwise
be unattainable because of the practical limitations discussed earlier.

CONCLUDING REMARKS

A preliminary study of airplane configurations having the tail sur-
faces located outboard of the wing tips mgy be sumuarized in the fol-
lowing observations.

1. Experimental results indicated thet locatlon of the horizontal-
teil surfaces in the upwash field of the wing-tip vortices would be
expected to be favorable from the standpoint of trimmed lift-drag ratios
at subsonic and supersonic speeds.

2. Pitching-moment curves for an outbosrd teil model showed grad-
ually increasing stabllity with 1ift up to a 1ift coefficient of approxi-
mately 1.0 at a Mach number 0.60, sbove which a pitch-up tendency was
indicated. These and other dats indicate a possible longitudinal sta-
bility problem for outboard tail configurstions which is believed to be
associated with instability caused by loss of upwash when the wing-tip
vortex becomes displaced at high angles of attack.

3. Indications are that outboard tail configurations would be
expected to have satisfactory directional stability characteristics at
both subsonic and supersonic speeds.

4. An analytical study at Mach number 3.0 of effects of design
veriebles has indicated that values of trimmed maximum lift-drag ratios
were relatlvely insensitive to the amount of stability for static margins

T
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between 0 and 10 percent mean serodynamic chord. The trends indicabted
in these estimates were verified experimentelly at M = 2.01l. TIntroduc-
tion of & small amount of pitching moment &t zero 1ift may be used to
compensate for losses in L/D occurring as a result of somewhat higher
stability.

5. This analysis alsco indicated a gradusl increase in trimmed
(L/D) ey With both tail length and tail size; however, increases with

tail length were generally guite small for lengths in excess of about
one wing meen chord.

Langley Aeronsutical Laborsatory,
Netional Advisory Committee for Aeronautics,
Langley Field, Va., Jenuary 13, 1958.
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APPENDIX
RELATTIONSHIPS USED IN ESTIMATION OF LIFT-DRAG RATIOS

The equabion used in estimating the effective upwash over the out-
board horizontal tail was derived from reference 9 and is

Cn+yC
95 _ ccy av Lm 1l- Vme - 1)2 - Bzme(y - 1)2 .
G \CrCqy, 2% an (v - 1) (mx ~ y)
Vimx - 1)2 - p2n2(y + 1)2  _2m\/x2 - p2y2 W
(y + 1) (mx + y) (mx - y)(mx + y)
where °% is assumed to be unity for present computations and
CLCav
Cov wing aversge chord
Cy, wing lift-curve slope, radians
oL
m cotangent half-chord sweep angle
X distance rearward from gpex of swept lifting line in terms of
wing semispan
y spanwise distance from plane of symmetry in terms of wing
semispan (considered positive for right wing)
B = (M2 -1
Use of ecuation (1) gives values of 25 along the span of the
CaL

tail. Values of effective upwash over the tail were obtained from inte-~
greticn of the product of local §§ and local chord across the tail

span.
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The following epproximate relationships were used in estimations
of trimmed (L/D)pgyx. The symbol notation is the same as that given

in the body of the report and only symbols not previously defined are
defined in this appendix.

The total airplane 1lift, drag, and pitching-moment coefficients
can be represented by the following expressions:

S S¢ .
Cy, = aCIu' + Cr, ¢ ?§ cos € - Cp ¢ - sin €
- St o4 S¢
Cp = CDO + & - CL,t 5 sin € + CD,t 5 cos €
- CX 51
Cm = Cmo + aCLm E CL,t 5 3 cos €
where
CLa' lift-curve slope of teil-off configuration
CDO dreg coefficient at zero lift of tail-off configuration
Cn pitching-moment coefficient at zero lift of tail-off
© configuration
t horizontal-tail surfaces

For low engles of attack, at least to values corresponding to (L/D) ..,

the assumption that cos € =1 and sin € = € should be permissibie,
Substitution of these assumed values into the foregoing lift-, drag-,
and pitehing-moment-coefficient expressions gives:

Sg de St 2 OCp ¢
3 ' — - ——— o—
oCr, ¢
ac . aC
2 2 D de Sg Sy 2 D,t
Cn = Cn 4+ G} r) DL g 2€ "t + 2o + C
D D L,t L,t
o Yo ) oc 2 &% 8 L s | Do, t s aCL,tE
(3)
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X T
. . <
¢ L,t S

(4)

Oty

The tail load required for trim is given by the following expression:

Cp. + alr, ' -
cL’t=m° e € (5)
52
S @

Values of Cy, 4 determined from equation (5) are used in equations (2)

and (3). The static margin for a given arrangement can be expressed
as

f %! de S¢
de=Cma=CLa}_c€"(l'$)ch,t?%
L Cry s (1 - %)c 5

o Sa, st 8

. -

£_1_Lg,_ts_t<l-as)J
_ c c, cI"d-' S St
1+ CL& t St( - 95)
CLC!, S Ao,

The distance between the tail-off aerodynamic center and center of
gravity required for a given static mergin is given by

= EEE 1+ EEELE EE( - 95) + L CL“’t EE/& - éﬁ)
= S
g

x!
&  oCy ch' s da., CLo:,‘ \ da.

The aerodynamic and geometric parameters used in the preceding
equations are included herein for completeness and are not necessarily
associated with any particular outboard tail configuration. Two sets
of constants were used in the calculations. The constants assoclated
with the results of figure 1l are identified as configuration 1 and
those associated with figures 12 to 15 are identified as configuration 2.
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oC
for the wing

For both conditions, the drag-due-to-1lift parameter
aCy,

or tail was assumed equal to the reciprocal of the wing or tall 1lift

slope. The constants are presented in the following table:

Configuration 1 Configuration 2
ch' 1.30 1.312
Cp .0100 .0100
Q
Cp .0060 .0060
o,t
oC
—% 7T .76
oCy,
oC
D.
L .87 .70
oCr,, ¢
L 1.0 81.0
Cc
Cm,, 0 2o

aExcept as indicated in the figures.
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Figure 1.~ Body reference axes showing positive directions of forces,
moments, and angular deflections.
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Figure 2.- Pitching-moment characteristics of an outboard tail model
having & 67° swept wing of aspect ratio 1.00, with neutral stubilizer
setting at Mach numbers of 0.90 and 2.0L. Data for M = 2,01
obtained from reference 5. Moment reference at 50 percent €; coef-
ficients based on geometry of wing and horizontal tail.
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Figure 3.- Pitching-moment characteristics of an outboard tail model
having a 45° swept wing of aspect ratio 1.55, with and without tail
surfaces at M = 0.60. Moment reference at 25 percent ¢&; coeffi-
cients based on geometry of wing.

F .



o anna—— NACA R L5880

-10

. / M=0.90 /

-2 / y //7/
A/ /
; 4
€,deg //r ﬁ//
0 /] /
A/2VaVA -
/
0 / /. / S
/ 2 |
3
117
a4 3
/ g-
2 / §J
‘J
L
-4 0 4 8 12 /6 20 249
@, deg
Figure 4.~ Variation of effective upwash angle with angle of attack as )

determined from experimental pitching-moment data for the outboard

tail model having a wing of 45° leading-edge sweep and aspect ratio .
of 1.55.
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(a) Effects of afterbody, tip bodies, and tail surfaces with L45° swept
wing of aspect ratioc 1.55.

Figure 5.- Directional stsbillity cheracteristics at Mach number 0.60.
Moment reference at 25 percent ¢ for outboard tail model having =
wing of 45° leading-edge sweep; coefficients for all the models based
on the geometry of the conventional model having an aspect-ratio-3
modified delts wing.
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Figure 9.~ General arrangement of an outboard tail configuration having
a T0° swept wing of aspect ratio 1.00, typical of those included in
the anslytical study of design variables. St/S = 0.27; Z/'c' = 1.0.
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